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ABSTRACT 



I , Aims. Four dense cores, L1582A, L1689A, B133 and B68, classified as prestellar in terms of the absence of detectable NIR emission, are 
^ • observed at radio wavelengths to investigate whether they nurture very young protostars. 

Methods. We perform deep radio continuum observations at 3.6 cm and 6 cm using the VLA. 
0^ Results. No definite young protostars were discovered in any of the four cores observed. A few radio sources were discovered close to the 
observed cores, but these are most likely extragalactic sources or YSOs unrelated to the cores observed. 
[ In L1582A we discovered a weak radio source near the centre of the core with radio characteristics and offset from the peak of the submillimeter 
emission similar to that of the newly discovered protostar in the core L1014, indicating a possible protostellar nature for this source. This needs 
to be confirmed with near- and/or mid-infrared observations (e.g. with Spitzer). Hence based on the current observations we are unable to 
-.z confirm unequivocally that L1582A is starless. 

In L1689A a possible 4.5-cr radio source was discovered at the centre of the core, but needs to be confirmed with future observations. 
In B133 a weak radio source, possibly a protostar, was discovered at the edge of the core on a local peak of the core submm emission, but no 
^ source was detected at the centre of the core. Thus, B 133 is probably starless, but may have a protostar at its edge. 
5^ In B68 no radio sources were discovered inside or at the edge of the core, and thus B68 is indeed starless. 

Four more radio sources with spectral indices characteristic of young protostars were discovered outside the cores but within the extended 
clouds in which these cores reside. 

Conclusions. We conclude that the number of cores misclassified as prestellar is probably very small and does not significantly alter the 
estimated lifetime of the prestellar phase. 
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1. Introduction 

The identification of the youngest protostars is important for 
understanding how dense cores in molecular clouds collapse 
and form stars. The initial conditions for star formation are 
provided by dense cores in molecular clouds in which there 
is no evidence that star formation has occurred (starless cores; 
Myers et al. 1983). Some of these cores are thought to be close 
to collapse or already collapsing, and they are labelled prestel- 
lar cores (e.g. Ward-Thompson et al. 1994; Ward-Thompson 
et al. 2002). Prestellar cores evolve to Class objects, which 
represent the youngest protostars (Andre et al. 1993). 

The presence of a protostar in a core is inferred by one or 
more of the following criteria (Andre et al. 2000): (i) compact 
centimeter radio emission, (ii) a bipolar molecular outflow, (iii) 
NIR or MIR emission. These criteria depend on the sensitivity 
of the telescope used, and how young and embedded the pro- 
tostar is in its parent cloud. Additionally, the amount of radio 
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emission from young protostars is uncertain and probably very 
low (e.g. Curiel et al. 1987; Rodriguez et al. 1989b; Neufeld 
& Hoflenbach 1996; Harvey et al. 2002; Eiroa et al. 2005). 
Finally, in many cases the complexity of star forming regions 
(e.g. dense environment, multiple sources, inflow of material) 
does not allow a clear identification of all the outflows in a 
given region. Thus, a null detection with a particular telescope 
does not necessarily mean that a source does not exist inside a 
core. 

The need for very sensitive observations to discover young 
protostars residing inside dense cores was demonstrated re- 
cently by Young et al. (2004), who, using the Spitzer space 
telescope, detected a NIR source embedded in L 1014 (L 1014- 
IRS), a dense core that was previously classified as starless. 
This suggests that L1014 is in fact a young Class object. 
Since the Young et al. discovery, the protostellar nature of 
L1014-IRS has been confirmed by the detection of a very weak 
bipolar outflow emanating from the IR source (Bourke et al. 
2005) that affects the geometry of the observed scattering light 
nebula around the source (Huard et al. 2006). Additionally 2 
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more NIR sources have been discovered inside cores previ- 
ously thought to be starless: in L1521F in the Taurus molecular 
cloud (Terebey et al. 2005; Bourke et al. 2006), and in L1148 
in the Cepheus flare (Kauffmann et al. 2005). These recently 
discovered low-luminosity protostars are similar to the previ- 
ously known Class protostars VLA 1623 (Andre et al. 1993) 
and HH24MMS (Ward-Thompson et al. 1995; Bontemps et al. 
1996). These discoveries of low-luminosity, young protostars, 
open up the possibility that other cores previously classified as 
prestellar may in fact contain very young protostars. 

Radio observations are suitable for detecting deeply em- 
bedded protostars, as long wavelength radiation can escape the 
large column density of the envelope practically unattenuated. 
Previous studies (e.g. Andre et al. 1987; Leous et al. 1991; 
Bontemps et al. 1995) have identified a large number of young 
protostars exhibiting detectable radio emission. However, very 
young and low luminosity protostars are believed to produce 
very weak radio emission (e.g. Harvey et al. 2002; Neufeld 
& HoUenbach 1994, 1996), and thus deep observations are 
needed to detect them. 

Young protostars exhibit a positive or almost flat (> -0.1) 
spectral index (defined as a, where Sy '^^ v") between e.g. 3.6 
cm and 6 cm (Andre et al.l987; Anglada et al. 1998; Beltran et 
al. 2001). This behaviour of the radio spectral index is charac- 
teristic of free-free thermal emission from ionised gas. This is 
most likely produced by a partially ionised jet that propagates 
into the collapsing envelope producing shocks (e.g. Curiel et al. 
1987). It could also be produced by an ionised disc wind (e.g. 
Martin 1996) or by the accretion shock that develops on the 
surface of the protostar, and/or on the surface of the disc that 
surrounds the protostar, which heats and ionises the infalling 
gas (Winkler & Newman 1980; Cassen & Moosman 1981). 
However, the latter two mechanisms produce radio emission 
that is at too low a level to be readily detected. 

A negative (< -0.1) radio spectral index indicative of 
non-thermal gyro-synchrotron emission has also been observed 
in some T Tauri stars (e.g. Andre et al. 1988; Andre 1996; 
Rodriguez et al. 1999), in a possible Class I object (Feigelson et 
al. 1998), and even in a possible Class object, the triple radio 
continuum source in Serpens (Rodriguez et al. 1989a; Curiel et 
al. 1993; Curiel 1995; Raga et al. 2000). The non-thermal emis- 
sion of more evolved protostars (Class II, III) is believed to be 
associated with the magnetic fields around these objects and the 
star-disc interaction region (e.g. Andre 1996). The non-thermal 
emission from younger protostars is thought to be the result of 
particle acceleration behind a diffuse shock wave (Rodriguez et 
al. 1989a; Curiel et al. 1993 and references therein). 

Stamatellos et al. (2005a,b) performed 3-dimensional ra- 
diative transfer calculations on simulations of the collapse of a 
star-forming core and studied the transition from a starless core 
to a core with an embedded young protostar These simulations 
suggest (i) that cores with young protostars appear to be cold 
(J ~ 15 - 30 K) but still hotter than starless cores (r < 15 K), 
and (ii) that cores with young protostars appear more circu- 
lar (at least in their central regions) than starless cores (see 
also Goodwin et al. 2002). Based on this study, we identified 4 
cores classified as starless (L1582A, L1689A, B133, B68) that 
might in fact contain very young protostars. These cores were 



selected in terms of their circular appearance and their rela- 
tively high estimated temperatures (~ 15 K). These cores were 
observed with the VLA in the continuum at 3.6 cm and 6 cm. 

In this paper we present the results of these radio observa- 
tions aiming to detect very young embedded sources in dense 
cores. In Section 2 we describe the observational details and 
the properties of the detected radio sources, and in Section 3 
we summarize our results. 

2. Observations and results 

L1582A, L1689A, B133 and B68 were observed at 3.6 cm us- 
ing the VLA. The observations were performed in July/August 
2005, in the VLA C configuration. The total integration time 
was about ~ 4 hours for each core including time spent on 
the calibrators. These cores (except B68) were also observed 
at 6 cm in October/November 2005, in the DnC configuration. 
L1582A was observed for ~ 5 hours, B133 for ~ 5 hours, and 
LI 689 A for ~ 1 hour. The data were calibrated using the AIPS 
package of the NRAO. 

In Table[T]we list the positions of the cores taken from Kirk 
et al. (2005). These positions correspond to the peak of the 
850 yum and 450 fj.m emission detected using SCUBA with a 
beam size FWHM of 14.8". We use these positions as phase 
centres. In Table|2]we list the phase calibrators used, their boot- 
strapped flux densities, the VLA beam size, and the achieved 
RMS noise for each field. Finally, we report the number of 
radio sources detected and the number of background, extra- 
galactic sources expected in each field (see below). The ampli- 
tude calibrators used were 3C286 (f 3.6cm - 5.26 Jy, F3.6cin - 
7.34 Jy) and 3C48 (Fs.ecm = 3.25 Jy, ^3.6™ = 5.32 Jy). 

The number of background sources expected in our field 
is determined using the Anglada et al. (1998) calculation. 
Assuming that extra-galactic sources have the characteristics 
described by Condon (1984), the expected number of back- 
ground sources (A^) in a field of angular diameter 6f is 



(A^) = 1.4 



-0 46(^) (^f(^f 



(5GHz) 



-2.52 



(1) 



where is the minimum detectable flux density at the centre 
of the field. Each of the fields has an angular diameter of Of w 
500", so the expected number of background sources at 3.6 cm 
is 



3.6cm 



2.6 



50 yuJy 



(2) 



Table 1. Distances and positions of the dense cores observed 



Core 



rf^(pc) R.A._^(2000) Dec. * (2000) 



L1582A 


400 


OS*" 


32" 


01.0' 


+ 12° 30' 23" 


L1689A 


130 


16" 


32" 


13.2-' 


-25° 03' 45" 


B133 


200 




06" 


08. 4-' 


-06° 52' 52" 


B68 


130 


17h 


22" 


39.2'' 


-23° 50' 01" 



" Distances taken from Kirk et al. (2005) 

'' Peak of the 450 fim & 850 yum emission (Kirk et al. 2005) 
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Table 2. Phase calibrators, beam sizes, RMS noise, and number of radio sources detected 



Core 




Phase Calibrator(s) 






Beam (") 


RMS noise (^Jy/hm)^ 


Radio sources_^ 




Calibrator 


S3.6 cm(Jy) 


S 6 cm 


(Jy) 


3.6 cm 


6 cm 


3.6 cm 


6 cm 


3.6 cm 


6 cm 


L1582A 


0530 + 135 


2.905 ± 0.002 


3.08 ± 


0.09 


3.3x2.7 


12.4 X 6.6 


13 


29 


4(2.1) 


2 (2.7) 


L1689A 


1522 - 275 
1626 - 298 


1.210 ± 0.006 
2.602 ± 0.015 


1.06 ± 


0.07 


5.5x2.9 


17.1 X 10.4 


12 


60 


6 (2.3) 


5(1.3) 


B133 


1939 - 100 
1939- 154 


0.566 ± 0.002 


0.55 ± 


0.01 


3.7x3.0 


16.9x9.6 


11 


60 


4 (2.3) 


2(1.3) 


B68 


1743 - 309 
1751 -253 


0.233 ± 0.001 
0.259±0.001 






5.3 X 3.0 




12 




4 (2.3) 





" Mean RMS noise in the field in yujy/beam 

* Number of radio sources detected in each field. In the parentheses is the expected number of background sources calculated using Eqs.|2l[3] 



Table 3. Radio sources detected at 3.6 and/or 6cm 



Source 




Position^ 




b 
^ 3.6 ciT^ 


^ peak c 
3.6 c™ 


S 6 cm 


^ peak 
6 cm 


«1 


Offset^ 




RA (2000) 


Dec. (2000) 


O^Jy) 


(pjy/beam) 


0"Jy) 


(/jjy/beam) 




(")~ 


L1582A 






















1 


05'' 


32'" 00.5*^ 


+ 12° 30' 


40" 


142 ± 23 


139 ± 13 


280 ± 530 


280 ± 30 


-1.3 ±0.5 


18 


2 


05'' 


32'" 06.3*^ 


+ 12° 32' 


41" 


200 ± 60 


137 ±26 








165 


3 


05'' 


32"" 08.9*^ 


+ 12° 29' 


34" 






300 ± 100 


180 ±40 




138 


L1689A 






















1 


16^ 


32'" 23.3' 


-25° 00' 


34" 


8610 ± 130 


8180 ±70 


5800 ± 600 


4600 ± 500 


0.8 ±0.2 


235 


2 


16'' 


32'" 25.4' 


-25° 02' 


16" 


830 ± 70 


490 ± 30 


1100 ±400 


640 ± 170 


-0.6 ±0.7 


188 


3 


16" 


32'" 13.9' 


-25° 02' 


25" 


544 ± 26 


496 ± 14 


750 ± 70 


740 ± 70 


-0.63 ±0.21 


80 


4 


16" 


32'" 14.2' 


-25° 02' 


04" 


520 ± 30 


347 ± 15 


550 ± 70 


550 ± 70 


-0.11 ±0.28 


101 


5 


16" 


32'" 13.8' 


-25° 02' 


38" 


440 ± 40 


174 ± 13 


660 ± 60 


640 ± 60 


-0.79 ± 0.25 


67 


6 


16" 


32'" 13.3' 


-25° 03' 


45" 


58± 12 


58± 12 








1 


B133 






















1 


igh 


06'" 05.7' 


-06° 50' 


06" 


31850 ±50 


28730 ± 30 


67800 ± 300 


66550 ± 150 


-1.48 ±0.01 


171 


2 


igh 


06'" 14.0' 


-06° 49' 


35" 


730 ± 130 


420 ± 50 






> 1.7 ±0.3 


214 


3 


igh 


06'" 08.4' 


-06° 53' 


32" 


120 ± 30 


71 ± 12 








40 


4 




06'" 07.0' 


-06° 53' 


58" 


100 ± 25 


81 ± 13 








69 


B68{ 






















1 


17'' 


22'" 35.0' 


-23° 47' 


58" 


9310 ±40 


8550 ±21 








136 


2 




22'" 31.8' 


-23° 48' 


18" 


223 ± 24 


223 ± 24 








145 


3 


17'' 


22'" 28.0' 


-23° 50' 


32" 


410 ±26 


410 ±26 








157 


4 


17'' 


22'" 35.4' 


-23° 52' 


34" 


150 ± 50 


143 ± 27 








166 



" Positional errors are expected to be ~ 1" 

* Flux density (yujy) and l-cr errors, corrected for the primary beam response. 

Peak flux density (^Jy/beam) and l-cr errors, corrected for the primary beam response. 
'' Spectral index between 3.6 and 6 cm 

Angular displacement of the source from the peak of the submm emission 
^ B68 was not observed at 6 cm 



and at 6 cm. 



6cm 



3.0 



lOOyuJy 



-0.75 



(3) 



Thus, we expect a total number of ~ 9 ± 3 background sources 
in all our fields at 3.6 cm, and ~ 5 ± 2 sources at 6 cm. We 
detected 16 sources at 3.6 cm and 8 sources at 6 cm, thus the 
expected number of Galactic sources detected, possibly associ- 
ated with the star forming regions observed, is 7 + 3. 



In Table[3]we list the detected radio sources, their positions, 
flux densities and peak fluxes, their spectral indices a (in cases 
where a source has been detected both in 3.6 cm and 6 cm), and 
their offsets from the peak of the submm emission of the core. 
The fluxes were corrected for the effect of primary-beam re- 
sponse. We assume a detection limit of 5-cr (however we make 
reference to a possible 4. 5-cr detection). Most of the sources 
do not correspond to any sources listed in the SIMBAD astro- 
nomical database and are new sources. 
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In the next subsections we describe in detail the observed 
radio sources and their characteristics, for each of the cores 
observed. 

2.1. L1582A 

In L1582A we discovered a weak radio source (VLAl) close 
(~ 18") to the peak of the submillimeter core emission. The 
source is observed both in 3.6 cm and 6 cm (see Figs. [1] |2]i. 
The spectral index of the source isQ; = -1.2 + 0.5. This spectral 
index is not what is expected for Class protostars. For exam- 
ple, for the prototypical Class object VLA 1623 (Andre et al. 
1993) a = 0.6 . The spectral index of the radio emission from 
protostars is thought to be between -0.1 and 2, consistent with 
thermal free-free emission, whereas for extra-galactic sources 
it is expected to be < -0.1, characteristic of non-thermal emis- 
sion due to optically thin synchrotron emission (e.g. Andre 
et al. 1987; Anglada et al. 1998; Belti-an et al. 2001). Thus, 
L1582A-VLA1 is most probably an extragalactic source. 

However we note that recent observations of the confirmed 
low luminosity protostar L1014-IRS (Shirley et al., VLA pro- 
posal) indicate a similar spectral index. The unusual negative 
spectral index may be due to non-thermal (synchrotron) emis- 
sion. The similarities of L1582A-VLA1 to L1014-IRS (similar 
3.6 cm and 6 cm fluxes, similar offsets from the peak of the sub- 
millimeter emission of the core) are suggestive that L1582A- 
VLAl may also be a very young protostar embedded in the 
core, but this cannot be confirmed with the current observa- 
tions. 

Two more sources were detected in the field. VLA2 was 
detected only at 3.6 cm but a negative spectral index cannot 
be excluded. This source is outside the core but within the ex- 
tended CO (7 = 1-0) line emission (Dame et al. 2001; see also 
Kirk et al. 2005). VLA3 was detected only at 6cm and thus has 
a negative spectral index and should be a background source. 

Thus, we are unable to confirm unequivocally that L1582A 
is starless. 

2.2. L1689A 

In the LI 689 A field we discovered 6 sources, 5 of which were 
detected both at 3.6 cm and 6 cm, and 1 marginally detected 
only at 3.6 cm. 

VLAl has a positive spectral index, indicative of free-free 
thermal emission from ionised gas. It is outside the main core 
but within the extended CO line emission of the Ophiuchus 
GMC (Dame et al. 2001; Kirk et al. 2005). It coincides with a 
local column density peak of the cloud (see Fig. |3]and Nutter 
et al. 2006), although the dust emission is rather weak. 

VLA2 is also outside the core but within the extended CO 
emission. The sign of its spectral index cannot be determined; 
it could be either a young star or a background source. 

Sources VLA3, VLA4 and VLA5 were detected in both 
wavelengths and they seem to be related, as they are aligned. 
They are located outside the LI 689 A core but they are coinci- 
dent with a submm filament adjacent to the core. The total pro- 
jected extent of the structure is ~ 46" (i.e. ~ 6000 AU if they 



are physically located close to L1689A). The central (VLA3) 
and the southern (VLA5) source have negative spectral indices 
(characteristic of non-thermal synchrotron emission), whereas 
the northern source (VLA4) may have positive or marginally 
negative spectral index (characteristic of optically thin thermal 
emission). Thus, these sources are probably extragalactic. 

The last source in this field, VLA6, was marginally detected 
at 3.6 cm (4.5-cr detection). It is located at the centre of the 
core. It was not detected at 6 cm but a negative spectral index 
cannot be ruled out. The presence of this source in the centre 
of the core, if indeed it is real, would explain the temperature 
increase toward the centre of the core suggested by the obser- 
vations of Ward-Thompson et al. (2002). Thus, there is the pos- 
sibility that L1689A may not be starless. 

2.3. B133 

In the B133 field we discovered 4 radio sources. The strongest 
one, B133-VLA1, is located outside the core. It has a negative 
spectral index between 3.6 and 6 cm, indicating non-thermal 
emission due to optically thin synchrotron emission character- 
istic from an extra-galactic source. This source was the only 
one from this field that was detected at 6 cm. A search in the 
SIMBAD database reveals a match with PMNJ 1906-0650 of 
the Parkes-MIT-NRAO (PMN) Surveys (Griffith et al. 1995) 
at 4.85GHz (Sy - 65 + 11 mJy) . The source has been de- 
tected by the NRAO VLA Sky Survey (Condon et al. 1998) 
at 1.4 GHz {Sy = 295.5 + 8.9 mJy), and by the Texas Survey 
of Discrete Radio Sources (Douglas et al. 1996) at 365 MHz 
(Sy = 1216 + 41 mJy). These fluxes are also consistent with 
thin synchrotron emission from an extra-galactic source. 

The second strongest source in the field, B 133- VLA2, is lo- 
cated outside the core and it is not associated with any column 
density peak. The absence of detectable 6 cm emission at the 
300 /iJy level indicates a positive spectral index (a > 1 .7 + 0.2). 
This suggests free-free thermal emission. B133-VLA2 may be 
associated with the Aquila Rift, where B133 is thought to re- 
side (Kirk et al. 2005). 

The B133-VLA3 source is located inside the core within a 
local column density peak. It has been marginally detected (at 
the ~ 6-cr level) and it could be a very young protostar embed- 
ded in the core. Unfortunately, although it is not detected at 6 
cm a negative spectral index cannot be excluded, so it may also 
be an extragalactic source. 

Finally, B133-VLA4 is marginally detected at 3.6 cm. It is 
not detected at 6 cm but a negative spectral index is possible. 

Thus, based on the VLA observations B133 appears to be a 
starless core with a possible protostar (B133-VLA3) at its edge. 

2.4. B68 

Four radio sources were discovered in the B68 field at 3.6 cm. 
All of them are outside the core and they are not associated with 
the core but they are within the extended CO emission (Dame 
et al. 2001; Kirk et 2005) around the core. This core was not 
observed at 6 cm, and thus the spectral indices of these sources 
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and their nature cannot be determined. We conclude that B68 
is starless. 

3. Summary 

We conducted continuum VLA radio observations of 4 dense 
cores previously classified as prestellar, searching for radio 
emission from deeply embedded protostars. 17 radio sources 
were detected in the observed fields, i.e. more than the expected 
number of background sources. Thus at least a few of them may 
be associated with the star forming regions observed. 

Two radio sources were discovered near the centres of the 
cores. L1582A-VLA1 is located within 18"of the peak of the 
submm emission of the core, and its similarity with the source 
embedded in L1014 suggests that this may also be a very young 
protostar embedded in the core, despite its negative spectral 
index between 3.6 and 6cm, and its offset from the centre of 
the core. L1689A-VLA6 is located within l"of the peak of the 
submm emission, and it may also be a very young protostar 
embedded in the core. However, this detection was only at the 
4.5-cr level. Future Spitzer data should confirm whether these 
are young protostars or not. If these two sources indeed are as- 
sociated with the observed cores then they are similar to the 
recently discovered low-luminosity protostars, such as that in 
L1521F, which are young Class objects, e.g. hke VLA1623 
(Andre et al. 1993) and HH24MMS (Ward-Thompson et al. 
1995; Bontemps et al. 1996). However, based on the current 
observations and the locations of the radio sources, we con- 
clude that L1582A and L1689A are most likely starless. 

Two radio sources were discovered close to edges of cores. 
L1689A-VLA345, at the edge of the L1689A, is probably an 
extragalactic source. B133-VLA3, at the edge of B133, coin- 
cides with a local peak in the core submillimeter emission, and 
it may be a young protostar. 

Four radio sources with positive spectral indices were 
detected outside the cores (L1689A-VLA1, L1689A-VLA2, 
B133-VLA2, B133-VLA4) and, thus could also be young pro- 
tostars or stars associated with the extended star forming re- 
gions where these cores reside. 

All of the candidate protostars reported are expected to be 
detectable in the NIR by the Spitzer space telescope and such 
observations are needed to confirm whether these sources are 
indeed protostars. Additionally, sensitive molecular fine radio 
observations, with e.g. the Submillimeter Array (SMA) should 
be able to detect molecular outflows emanating from these ob- 
jects, if they are protostars. 

4. Conclusion 

In this paper we presented deep radio observations of 4 prestel- 
lar cores, which are relatively warm and almost circular (in 
their inner regions). According to the Stamatellos et al. (2005) 
criteria these cores are, among cores presently classified as 
prestellar, the ones most likely to nurture very young proto- 
stars. However, we find no definite protostars at the centres of 
these cores. Two radio sources that could be very young em- 
bedded protostars were discovered near the centres of L1582A 
and LI 689 A, but further near- or mid-infrared observations 



(e.g. with Spitzer or the upcoming Herschel) are needed for 
safe conclusions on the nature of these sources. Hence, based 
on the current observations, similarly to Kirk et al. (2006) we 
conclude that the number of cores misclassified as prestellar is 
probably very small and does not affect significantiy the esti- 
mated lifetime of the prestellar phase. 
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Fig. 1. L1582A: 3.6 cm VLA observations (solid thick con- 
tours) overlaid on 850 fj.m SCUBA observations from Kirk et 
al. (2005) (grayscale and solid thin contours). 3.6 cm solid con- 
tours are plotted at 52 /iJy (5-cr) x (1, 1.5, 2, 2.5, 3). 850 mm 
dashed contours are plotted at 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9 
and 0.95 of the maximum 850 mm flux (170 mJy/beam). The 
VLA beam size is mentioned in Table |2] The SCUBA beam 
size at 850 fim is 14". A radio source has been discovered near 
the centre of the core. 
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Fig. 2. L1582A: 6 cm VLA observations (solid thick contours) 
overlaid on 850 fim SCUBA observations from Kirk et al. 
(2005) (grayscale and solid thin contours). 6 cm solid contours 
are plotted at 145 yuJy (S-cr) x (1, 1.2, 1.4, 1.6, 1.8). 850 mm 
dashed contours are plotted as in Fig. [T] The VLA beam size 
is mentioned in Table |2] The SCUBA beam size at 850 fj.m is 
14". 
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Fig. 3. L1689A: 3.6 cm VLA observations (solid thick con- 
tours) overlaid on 850 //m SCUBA observations from Nutter 
et al. (2006) (grayscale and thin solid contours). 3.6 cm solid 
contours are plotted at 54 fiJy (4.5-cr) x (1, 2, 4, 6, 8, 10, 12). 
850 mm dashed contours are plotted at 0.2, 0.4, 0.6, and 0.8 
of the maximum 850 mm flux (170 mJy/beam).The VLA beam 
size is mentioned in Table|2l The SCUBA beam size at 850 yum 
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Fig. 4. L1689A: 6 cm VLA observations (solid thick contours) 
overlaid on 850 fim SCUBA observations from Nutter et al. 
(2006) (grayscale and thin solid contours). 6 cm solid contours 
are plotted at 300 fiJy (5-cr) x (1, 1.5, 2, 2.5, 3, 6, 9). 850 mm 
dashed contours are plotted as in Fig. [3] The VLA beam size 
is mentioned in Table |2l The SCUBA beam size at 850 jum is 
14". 
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Fig. 5. B133: 3.6 cm VLA observations (solid contours) over- 
laid on 850 yum SCUBA observations from Kirk et al. (2006) 
(grayscale and dashed contours). 3.6 cm solid contours are plot- 
ted at 60 //Jy (5-0-) x (1, 1.1, 1.2, 1.3). 850 mm dashed con- 
tours are plotted at 0.2, 0.4, 0.6, and 0.8 of the maximum 850 
mm flux (170 mJy/beam). The VLA beam size is mentioned in 
Table|2] The SCUBA beam size is 14". 



